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The Covariant Canonical Gauge theory of Gravity is generalized by including at the Lagrangian level all
possible quadratic curvature invariants. In this approach, the covariant Hamiltonian principle and the canonical
transformation framework are applied to derive a Palatini type gauge theory of gravity. The metric gµν, the
affine connection γλµν and their respective conjugate momenta, k
µνσ and q αξβη tensors, are the independent field
components describing the gravity. The metric is the basic dynamical field, and the connection is the gauge
field. The torsion-free and metricity-compatible version of the space-time Hamiltonian is built from all possible
invariants of the q αξβη tensor components up to second order. These correspond in the Lagrangian picture to
Riemann tensor invariants of the same order. We show that the quadratic tensor invariant is necessary for
constructing the canonical momentum field from the gauge field derivatives, and hence for transforming between
Hamiltonian and Lagrangian pictures. Moreover, the theory is extended by dropping metric compatibility and
enforcing conformal invariance. This approach could be used for the quantization of the quadratic curvature
theories, as for example in the case of conformal gravity.
INTRODUCTION
A natural way to achieve inflation is considering higher-
order curvature corrections in the Hilbert-Einstein Lagrangian
as the R2 Starobinsky model [1], or other invariants as RµνRµν
and RαβγδRαβγδ [2]-[3]. Hamiltonian formulations of metric
theories with higher curvature terms are problematic as they
lead to fourth order derivatives in the equations of motion.
The Covariant Canonical Gauge theory of Gravity (CCGG)
can overcome this difficulty [4].
The CCGG framework ensures by construction that the ac-
tion principle is maintained in its form requiring all trans-
formations of a given system to be canonical. The im-
posed requirement of invariance of the original action integral
with respect to local transformations in curved space-time is
achieved by introducing additional degrees of freedom, the
gauge fields. At the basis of the formulation are two inde-
pendent fields: the metric gαβ, which encodes the information
about lengths and angles of space-time, and the affine con-
nection γλαβ, encoding how a vector transforms under parallel
displacement. In this formulation, referred to as the Affine-
Palatini formalism (or the first-order formalism), these two
fields are assumed to be independent dynamical quantities in
the action. In addition to those fields there are two "momen-
tum fields": k˜αβµ which is the conjugate momentum of the
metric gαβ, and q˜
αβµ
λ , the conjugate momentum of the affine
connection γλαβ. In the second-order formalism, the connec-
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tion is assumed to be the Levi-Civita or Christoffel symbol
γ
ρ
µν =
{
ρ
µν
}
= 12g
ρλ(gλµ,ν + gλν,µ − gµν,λ), (1)
leaving the metric as the only a priori independent field. In
the Einstein-Hilbert action, where torsion of space-time is ne-
glected anyway, both formulations yield the same equations of
motion, and the connection will be in both cases the Christof-
fel symbol.
Gauge theories of gravity exploring the covariance of the
action with respect to the Lorentz, Poincare and diffeomor-
phism groups have been considered earlier, see Refs. [8]-[23].
However, the novel feature facilitated by the covariant Hamil-
tonian canonical transformation theory [24] is the unambigu-
ous derivation from first principles of the coupling of matter
fields with dynamical space-time. (The results of the CCGG
framework were partially anticipated in Ref. [26], though.)
Recently the torsion-free version of CCGG was proven to
exploit the correspondence between the first and the second-
order formulation by imposing metricity as a constraint im-
plemented via a Lagrange multiplier [5]:
L(g, γ) + kαβλgαβ;λ 1storder ⇔ L(g) 2ndorder. (2)
The Lagrange multiplier kαβλ that imposes the metricity con-
dition corresponds to the canonical conjugate momentum of
the metric in CCGG. (See Ref. [4]. For the correspon-
dence between the first and the second-order formalism in the
torsion-free case see also [7].)
In previous CCGG formulations, a special Ansatz for the
Hamiltonian structure up to second order in q˜ αβµλ was consid-
ered that is compatible with the Schwarzschild metric. Here
we take all possible invariants of the momentum fields, i.e.
Riemann tensors in the Lagrangian picture, into account, ex-
ploring the advantages of the second-order formalism. We
prove that, within the canonical transformation framework,
the presence of the quadratic invariant in the Hamiltonian is
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2necessary, and the Hamiltonian of the CCGG theory [4] is the
minimal extension of the Einstein-Hilbert Ansatz.
The manuscript is organized as follows: The first chapter
reviews the basic principles of the Covariant Canonical Gauge
theory of Gravity and calculates the equations of motion in the
first formalism without assuming torsion. The second chapter
states that if the Hdyn does not depend on the metric conju-
gate momenta, the field equations of motion correspond to the
field equations in the second order formalism, because of the
correspondence between the formulation theorem (Eq. (2))
[5]. The energy momentum conservation is also guarantied.
Under those conditions, the third chapter implements the gen-
eralized combination of the qαβγδ tensors for the Hdyn, which
yields to the quadratic curvatures terms after Legendre trans-
formation. The fourth chapter contains conformal invariant
extensions into the CCGG. The last chapter summarizes the
results of the paper and discuss possible future work.
I. COVARIANT HAMILTONIAN FORMULATION
A. The gauge field
The starting point of the CCGG framework is a globally
Lorentz invariant Lagrangian and the corresponding action in-
tegral for classical matter fields. The Legendre transform of
the Lagrangian, the Hamiltonian, depends on the fields and
their conjugates. The conjugate momentum components of
the fields are the duals of the complete set of the derivatives
of the field in the Hamiltonian, including dynamic metric.
The key element of the canonical transformation frame-
work, enforcing invariance of a system’s action integral with
respect to some local transformation (Lie) group, are the so
called generating functions fixing the transformation law (co-
variance) of the matter fields. Form invariance of the Hamil-
tonian, though, can only be achieved by introducing compen-
sating gauge fields, in analogy to the electromagnetic field
enabling the local phase invariance pertinent to local U(1)
symmetry. In consequence, the original matter Hamiltonian
is modified, in essence by replacing the partial derivatives by
covariant derivatives. This methodology has been applied pre-
viously to the SU(N) group [24] and shown to reproduce the
known Yang Mills theories of the electroweak and strong in-
teractions. (Obviously, in order to apply that framework op-
erating in the Hamiltonian picture we must request the very
existence of the Hamiltonian, i.e. the regularity of the La-
grangian). In CCGG, the symmetry group in question is the
diffeomorphism group representing the General Principle of
Relativity. Diffeomorphism are general coordinate transfor-
mations (xµ → Xµ), under which the fields transform as ten-
sors, e.g.
Gµν(X) = gαβ(x)
∂xα
∂Xµ
∂xβ
∂Xν
(3)
holds for the metric tensor. (The transformed quantities in the
coordinate system X are denoted by capital letters.) The gauge
field is the affine connection γηαξ with the transformation law
set up to ensure the invariance of the Hamiltonian:
Γκαβ(X) = γ
ξ
ητ(x)
∂xη
∂Xα
∂xτ
∂Xβ
∂Xκ
∂xξ
+
∂2xξ
∂Xα∂Xβ
∂Xκ
∂xξ
. (4)
The specific generating function implementing field trans-
formations like (4) - (3) under general coordinate transfor-
mations (diffeomorphism) have been introduced in Ref [4].
The resulting action becomes then a world scalar with partial
derivatives converted to covariant derivatives (For fermions,
the process and the resulting amendments are a bit more com-
plex, though) and partial derivatives of the connection re-
placed by the Riemann-Christoffel curvature tensor. The grav-
itational portion of the action then becomes:
SG =
∫
R
(
k˜ αλβ gαλ;β − 12 q˜ αξβη Rηαξβ − H˜Dyn
)
d4x. (5)
The “tilde” sign denotes a tensor density, where the tensor is
multiplied by
√−g. The dynamical Hamiltonian H˜Dyn, which
is supposed to describe the dynamics of the free gravitational
field, is not determined by the gauge process. It is to be built
from a combination of the metric conjugate momenta k˜αβµ,
the connection conjugate momenta q˜ηαξβ, and the metric gαβ
based on physical insights.
Here we will work on the assumption that the connection is
symmetric under the permutation of its lower indices:
γκαβ = γ
κ
βα. (6)
This restriction was omitted in [4, 27] which allows torsion to
be present. It was shown (in Ref. [7]) that with metric com-
patibility a symmetric connection ensures covariant conserva-
tion of the matter energy-momentum tensor. That restriction is
possible as the transformation rule (4) required for the gauge
field is satisfied with a symmetric connection.
B. The equations of motions
The diffeomorphism invariant action integral can then, after
adding the matter portion in Lagrangian form, be written as
S =
∫ [
k˜αβλgαβ;λ − 12 q˜ αβξλ Rλαβξ − H˜Dyn(q˜, k˜, g) + L˜m
]
d4x
(7)
The canonical equations of motion are derived by variation.
The first variation with respect to the momentum field con-
jugate to the metric tensor yields
gαβ;λ =
∂H˜Dyn
∂k˜αβλ
. (8)
Metric compatibility is ensured if the r.h.s. of the above equa-
tion vanishes. This is the case with H˜Dyn not depending on k˜,
i.e. if k˜ is a cyclic variable. This case will be discussed in the
next section.
The variation with respect to the symmetric connection
yields
−
(
k˜αµν + k˜ανµ
)
gαρ = 12∇β
(
q˜ µβνρ + q˜
νβµ
ρ
)
, (9)
3FIG. 1. Scheme of the connection between the dependence of the dynamical Hamiltonian on the momentum fields and the resulting theories
of gravity. The energy momentum conservation for each case is also indicated.
which is a relation between the momentum of the metric and
the connection.
In order to isolate the tensor kµνλ one can use the following
procedure: First, we multiply by the metric gρσ and sum over
the index σ:
− k˜σµν − k˜σνµ = 12∇α (q˜ σµαν + q˜ σναµ) . (10)
Switching the indices σ↔ ν:
− k˜νµσ − k˜νσµ = 12∇α (q˜νµασ + q˜νσαµ) , (11)
and the indices µ↔ ν:
− k˜µνσ − k˜µσν = 12∇α (q˜µνασ + q˜µσαν) . (12)
Combining the equations (10) + (11) − (12) we can isolate the
tensor
k˜σνµ = − 12∇α (q˜σµαν + q˜νµασ) . (13)
The third variation is with respect to the conjugate momen-
tum q˜ µνρσ of the connection yielding
∂H˜Dyn
∂q˜ µνρσ
= − 12Rσµνρ. (14)
Obviously if H˜Dyn does not depend on q˜, the Riemann tensor
will be zero, as in Teleparallel gravity [28]. The last variation
is with respect to the metric:
T µν = gµν
(
−kαβγgαβ;γ + 12qαβγλ Rλαβγ
)
+2kµνγ;γ − 2√−g
∂H˜Dyn
∂gµν
.
(15)
Here
T µν =:
2√−g
∂L˜m
∂gµν
(16)
is the metric energy-momentum (stress) tensor of matter in
balance with the metric energy-momentum (strain) tensor of
matter. Using Eq. (13) we can replace kαβγ and its derivative:
T µν = gµν
[
1
2∇σ
(
q˜αγσβ + q˜βγσα
)
gαβ;γ + 12q
αβγ
λ R
λ
αβγ
]
− 2√−g
∂H˜Dyn
∂gµν
− ∇γ∇α (qµγνα + qνγµα) .
(17)
From the correspondence between the formulations (Eq. (2)),
even the action is derived in Palatini formalism, the field equa-
tions equal to the field equations in the metric formalism.
II. CORRESPONDENCE BETWEEN THE 1st AND THE 2nd
ORDER FORMALISM
A. H˜Dyn(q, g) with metric compatibility
A particular case of H˜Dyn(k, q, g) is when the metric conju-
gate momentum kαβγ does not occurs in H˜Dyn(q, g). From the
variation with respect to the metric conjugate momentum kαβγ,
Eq. (8), we get the metric compatibility condition. In conjunc-
tion with neglecting torsion the connection is Levi-Civita, i.e.
equal to the Christoffel symbol:
gαβ;γ = 0 ⇒ γρµν =
{
ρ
µν
}
. (18)
4In Ref. [5] it was proven that for any general action which
starts in the first-order formalism with the term kαβγgαβ;γ
added as a Lagrange multiplier, the strain tensor is identical to
that derived via the second-order formalism. The main reason
for that correspondence is the variations of the term kαβγgαβ;γ.
While, as mentioned above, the variation with respect to kαβγ
ensures metricity, the variation with respect to the connection
yields
∂
∂γ
ρ
µν
kαβλgαβ;λ = −kαµνgρα − kανµgρα (19)
with a symmetrization between the components µ and ν.
Moreover, the variation with respect to the metric yields
∂
∂gµν
kαβλgαβ;λ = −kµνλ;λ. (20)
kµνλ;λ contributes to the field equation (15), hence, the first
order field equations turns out to be equivalent to the field
equations in the second order formalism. Indeed, isolating
the tensor kµνλ and inserting it back into Eq. (20) leads to the
relation:
∂L(κ)
∂gσν
= 12∇µ
(
gρσ
∂L(κ)
∂γ
ρ
µν
+ gρν
∂L(κ)
∂γ
ρ
µσ
− gρµ ∂L(κ)
∂γ
ρ
νσ
)
, (21)
where L(κ) = kαβγgαβ;γ. The terms on the right-hand side rep-
resent the additional terms that appears in the second-order
formalism. The strain energy-momentum tensor (17) then
gets the additional contribution,
− ∇γ∇α (qµγνα + qνγµα) . (22)
This is exactly the additional contribution for the field equa-
tion of motion (17) which yields the missing terms that arenot
present in the first order formalism.
B. Energy momentum conservation
The strain energy-momentum tensor may not be covari-
antly conserved in the first-order formalism, in contrast to the
second-order formalism, where the energy-momentum tensor
must be conserved [6]. An important fundamental link be-
tween the dependence of the H˜Dyn with the metric conjugate
momentum k˜αβγ and the conservation of the stress energy ten-
sor is obtained, through the theorem of the correspondence
between the first and second-order formalism. In the partic-
ular case, if H˜Dyn does not depend on the metric conjugate
momentum k˜αβγ:
S metricG =
∫
R
(
k˜ αλβ gαλ;β − 12 q˜ αξβη Rηαξβ − H˜Dyn(q˜, g)
)
d4x.
(23)
A variation with respect to the metric conjugate momentum
k˜αβγ yields the metric compatibility condition. According to
the theorem (2), the gravitational stress energy-momentum
tensor is the same as the strain tensor in the second-order
formalism, which ensures the covariant conservation of this
strain tensor:
∇µGµν = 0, Gµν =: − 2√−g
δS metricG
δgµν
. (24)
In the generic case H˜Dyn does depend on the metric conjugate
momentum k˜αβµ:
SG =
∫
R
(
k˜ αλβ gαλ;β − 12 q˜ αξβη Rηαξβ − H˜Dyn(q˜, k˜, g)
)
d4x.
(25)
Then the variation with respect to the metric conjugate mo-
mentum k˜αβµ breaks the metric compatibility condition, and
the gravitational strain energy tensor may not be covariantly
conserved. Of course, this applies also if the assumption of
zero torsion is dropped. This basic framework is not a special
feature only for CCGG but leads to a fundamental correla-
tion for many options for H˜Dyn. Fig. (1) summarizes the links
between the formulation of the theory and the covariant con-
servation of the strain energy-momentum tensor.
III. GENERIC QUADRATIC INVARIANTS IN q αβµη
A. Complete combination of the q tensors
The term R αβλδ q
δ
αβλ in the action (5) contributes only if the
Riemann tensor and the q αβλδ tensor have the same symme-
tries and anti-symmetries. Hence we may build similar con-
tractions and combinations of the conjugate momenta of the
connection, as are possible with the Riemann tensor. For ex-
ample qαβ in analogy to the Ricci tensor:
Rµν = R µλνλ , q
µν = q µλνλ , (26)
or the q scalar in analogy to the Ricci scalar:
R = Rµνgµν, q = qµνgµν. (27)
Those fundamental definitions will be used to built the general
form of the free gravity Hamiltonian H˜Dyn .
B. The general form
In order to see the complete implications for this formu-
lation, our starting point is a dynamical Hamiltonian with the
connection conjugate momentum q αβλδ up to the second order,
but without a dependence on the metric conjugate momentum
kαβλ:
HDyn = H0 +H1 +H21 +H22 +H23 (28)
H0 = g0 (29a)
H1 = −g12 q (29b)
5H21 = −14g21 q
2 (29c)
H22 = −14g22 q
µνqµν (29d)
H23 = −14g23 q
αβγδqαβγδ (29e)
That Hamiltonian contains all possible (up to a sign) combi-
nations of q tensors. As HDyn does not depend on kαβγ, the
existence of the term kαβλgαβ;λ ensures, as discussed above,
a correspondence between the first and the second-order for-
malism. In consequence, the strain tensor is covariantly con-
served, i.e. Eq. (24) holds.
C. The q µνρσ tensor
In order to derive the relation between the momentum field
q µνρσ and the Riemann curvature, we carry out the correspond-
ing variation, and obtain:
R µνρσ = g23q
µνρ
σ + δ
ν
σ (g22q
µρ + gµρ(g21q + g1)) . (30)
To isolate the q tensor, we take the trace of this equation by
contracting with δσν :
Rµρ = (g23 + 4g22)qµρ + 4gµρ(g21q + g1). (31)
Taking trace of this equation by contracting with gµρ gives:
R = (g23 + 4g22 + 16g21)q + 16g1. (32)
Solving for q,
q =
R − 16g1
g23 + 4g22 + 16g21
, (33)
and plugging q into Eq. (31) allows to extract the qµν tensor
in terms of the metric and the Ricci tensor and scalar:
qµν =
Rµν
4g22 + g23
− 4g1
16g21 + 4g22 + g23
gµν
− 4g21
(4g22 + g23)(16g21 + 4g22 + g23)
Rgµν.
(34)
In the last step we insert the relations for q and qµν into Eq.
(30), and reconstruct the momentum tensor from the Riemann
curvature tensor:
q µνρσ = α1R
µνρ
σ + δ
ν
σ (α2R
µσ + α3Rgµσ + α4gµσ) . (35)
The new coupling constant are combinations of the original
ones:
α1 =
1
g23
(36a)
α2 = − g22g23(4g22 + g23) (36b)
α3 = − g21(4g22 + g23)(16g21 + 4g22 + g23) (36c)
α4 = − g116g21 + 4g22 + g23 . (36d)
Now the Ricci tensor and scalar read:
qµν = (α1 + 4α2)Rµν + 4 (α3gµνR + α4gµν) , (37)
q = (α1 + 4α2 + 16α3)R + 16α4. (38)
Eq. (36) shows that the reconstruction of the momentum ten-
sor is possible only if g23 , 0, i.e. the success of the canon-
ical formulation depends on the existence of the qαβγδqαβγδ
term which, not surprisingly, also ensures the existence of
the Legendre transform. This proves that the choice of H˜Dyn
in CCGG [4] is the necessary but minimal extension of the
Einstein-Hilbert theory.
D. The quadratic Lagrangian
Because of the variation with respect to q µνρσ gives the so-
lution for q µνρσ , and since q
µνρ
σ is a field with zero canonical
momentum, which does not contain derivatives, we can re-
place the solution for qαβγδ into the action. The Lagrangian is
obtained by carrying out the Legendre transform given by the
integrand in the action integral (23):
−L = α1
4
R αβγλ R
λ
αβγ +
α2
4
RµσRµσ +
α3
4
R2 +
α4
2
R + Λ .
The emerging "cosmological constant" Λ is defined by
Λ = −4g1α4 + g0 = −
4g21
16g21 + 4g22 + g23
+ g0. (39)
This formula for the cosmological constant facilitates an op-
tion for resolving the cosmological constant problem as sug-
gested earlier in Ref. [27] for a dynamical Hamiltonian with
g21 = g22 = g0 = 0. (40)
Then one considers a very large |g23| and g23 < 0. For that
case, the cosmological constant Λ is highly suppressed. This
is similar to the "cosmological see saw mechanism" to obtain
a low value of the effective cosmological constant [29]. In
order to get the small cosmological constant we could require
|16g21 +4g22 +g23| being very large, and 16g21 +4g22 +g23 < 0.
This applies also for g0 = 0.
The potential of the quadratic term to transfer energy from
gravity to matter and vice versa and generate inflation [1] has
been shown in Ref. [30].
E. Special cases
There are two particularly interesting special cases for the
coupling constant. For the Gauss-Bonnet combination [31] of
6the quadratic terms, the original g constants must fulfill the
relation
g21 = ξ, g22 = −4ξ, g23 = 15ξ, (41)
where ξ is some free constant. For this combination we get
the condition for the α couplings:
α1 = −α24 = α3. (42)
For the Conformal Gravity [32]-[34] based on the quadratic
Weyl tensor, the original g constants are chosen to be:
g21 = ξ, g22 = 10ξ, g23 = −35ξ
g0 = g1 = 0
(43)
where ξ is some free constant. After the Legendre transform,
the final coupling constants are:
α1 = −α22 = 3α3, Λ = 0 (44)
which gives eventually the quadratic Weyl tensor in the effec-
tive action:
L = ξ
4
CµναβCµναβ, (45)
that is the familiar conformal invariant action.
IV. A CONFORMAL INVARIANT EXTENSION
An extension which breaks the metric compatibility condi-
tion and respects conformal invariance [35]-[37] can be de-
veloped based on the above considerations by introducing a
vector field Aµ into the metricity constraint:
kαβγgαβ;γ ⇒ kαβγ(gαβ;γ − egαβAγ). (46)
The corresponding generalized action then reads:
S =
∫
[k˜αβγ(gαβ;γ − egαβAγ)
− 12 q˜ αβξλ Rλαβξ − H˜Dyn(q˜, k˜, g) + L˜m]d4x,
(47)
where e is the "conformal charge" of the conformal gauge
field Aµ. Assuming that the connection will be covariant under
conformal transformation, the symmetries give:
Γλαβ → Γλαβ, gµν → Ω(xµ)2gµν, kαβγ → kαβγ (48)
Aµ → Aµ + 2e∂µ log Ω(x
µ), q αβγλ → Ω(xµ)−4q αβγλ
that the metric conjugate momenta kαβγ with lower indices
does not transform. From the variation of kαβγ the condition
of Weyl’s non-metricity is obtained from the action:
∇γgαβ = eAγgαβ (49)
which leads to the solution for the connection:
Γ
ρ
µν =
{
ρ
µν
}
− e
2
gρλ(gλµAν + gλνAµ − gµνAλ) (50)
For conformal invariant dynamical Hamiltonian:
HDyn → HDyn (51)
only quadratic terms of the q µνρσ tensors are kept, with the
coupling constants of the Hamiltonian Eq. (28):
g0 = g1 = 0. (52)
In addition, a kinetic term based on the gauge field Aµ could
be added:
L(Kin) = −1
4
FµνFµν (53)
. Because of the new contributions, the complete field equa-
tion is Weyl invariant. This subject could be study in details
in the future.
In order to have a linear term in curvature which respects
the conformal invariance symmetry, one can use a modified
measure, which is independent of the metric in addition to the
action that was discussed [38]:
S =
∫
d4xΦR (54)
A simple construction of this modified measure is from four
scalar fields ϕa, where a = 1, 2, 3, 4.
Φ =
1
4!
εαβγδεabcd∂αϕ
(a)∂βϕ
(b)∂γϕ
(c)∂δϕ
(d), (55)
with the conformal symmetry being realized by the transfor-
mation:
ϕ′a → ϕ′a(ϕ), Φ′ → Φ Ω(x)2. (56)
where the Jacobian of the transformation being correlated
with Ω through the relation J = Ω(x)2. This is one option
for breaking the metricity condition, and respecting the con-
formal invariance, using the same Lagrange multiplier.
V. CONCLUSIONS
The Covariant Canonical Gauge theory of Gravity (CCGG)
is a classical covariant field theory in the Hamiltonian pic-
ture using the framework of canonical transformations to im-
plement local invariance with respect to the diffeomorphism
group. Its fundamental ingredients are the metric gµν, the
affine connection γλµν and their conjugate momenta, the k
µνσ
and the q αξβη tensors. The metric is a dynamical field and the
connection is the (independent) gauge field. The final covari-
ant Hamiltonian of the gauge theory is taken to be in the sec-
ond order of the q αξβη tensor. This approach seems well suited
for the quantization of quadratic curvature theories, because it
reduces the derivatives in the action. We hope to discuss the
7quantization of higher-derivative theories in the future, based
on this formalism.
In this paper we have generalized torsion and metricity-
compatible CCGG to account for all higher curvature invari-
ants in the action up to second order in the q αξβη tensor com-
ponents, including the contractions (qµνqµν and q2). This leads
to all possible combinations of second-order curvature invari-
ants in the Lagrangian. It turns out that the quadratic q αξβη
tensor invariant must be present in the Hamiltonian in order to
make the theory consistent, otherwise g23 = 0, and all of the
α’s coupling constants contain singularities (See Eq. (36)).
CCGG can also be extended with more general dynami-
cal Hamiltonian depending on the metric conjugate momenta
kαβγ. In this case, the metric compatibility condition will be
violated and a gate for new physics opened. A simple example
for such a theory with non-metricity coupled to a vector field
is shown to maintain conformal invariance. These options and
others could be investigated in the future.
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